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Abstract
We give the full lagrangean and supersymmetry transformation rules for D = 5,
N = 2 supergravity interacting with an arbitrary number of vector, tensor and
hyper–multiplets, with gauging of the R-symmetry group SU(2)R as well as a sub-
group K of the isometries of the scalar manifold. Among the many possible ap-
plications, this theory provides the setting where a supersymmetric brane–world
scenario could occur. We comment on the presence of AdS vacua and BPS solu-
tions that would be relevant towards a supersymmetric smooth realization of the
Randall–Sundrum “alternative to compactification”. We also add some remarks on
the connection between this most general 5D fully coupled supergravity model and
type IIB theory on the T 11 manifold.
PACS: 04.65.+e, 04.50.+h, 11.27.+d.
1 Introduction
In the quest for a unified description of gravity and matter interactions, several higher di-
mensional theories have been proposed in the past. In this respect, gauged supergravities,
where the global isometries of the matter lagrangean are promoted to local symmetries,
have been widely explored and by now almost all allowed models, for diverse spacetime
dimensions and number N of supersymmetries have been analysed (see for instance [1, 2]).
The five–dimensional N = 2 supergravity theory, in particular, has been considered at
various stages, but despite the many papers on the subject [3]–[11], it still lacks a complete
description where all possible matter couplings are included and the most general gauging
is performed.
The present renewed interest in gauged supergravity theories is mainly due to their
prominent role within the AdS/CFT correspondence [12]. It is believed that the 5D
gauged supergravities provide a consistent non–linear truncation of the lowest lying Kaluza–
Klein modes of type IIB supergravity on an AdS5×X5 space, that should be dual to some
four–dimensional supersymmetric conformal field theory. In detail, the truncation of the
AdS5 × S5 compactification [13] should be described by N = 8 gauged supergravity [14],
while the remaining AdS5 ×X5 models should correspond to N < 8 gauged theories. A
special attention is devoted to the X5 = T 11 case [15], maybe the most tested non–trivial
instance of the AdS/CFT correspondence [16, 17], whose low–energy action should be
expressed in terms of an N = 2 UR(1) gauged supergravity theory [17].
Still in the AdS/CFT framework, gauged supergravities are very interesting because
they open the possibility of studying the renormalisation group (RG) flows of deforma-
tions of Yang–Mills theories by looking only at their supergravity formulation [18]–[21].
Supersymmetric [18] and non supersymmetric flows [19, 20] to other conformal or non–
conformal theories have been studied, mostly using N = 8 gauged supergravity.
In connection with the N = 1 CFT dual to the AdS5 × T 11 compactification, the
N = 2 gauged theory could be useful to follow the RG flow associated with fractional
branes [21], as well as a supersymmetric deformation which breaks the SU(2) × SU(2)
flavour group to the diagonal SU(2), as we will describe later.
Another line of development providing a strong motivation to find the most general
N = 2 gauged supergravity in D = 5 is the increasing phenomenological interest in
brane–world scenarios1 based on both heterotic M–theory compactifications [24, 9] and
Randall–Sundrum type models [25, 26]. More precisely, one can distinguish between two
setups. In the first (RS1) [25], meant to provide a solution to the hierarchy problem, there
are two membranes located at the orbifold fixed points of a fifth compact dimension. The
complete action includes 5D gravity and sources for the two membranes:
S = Sbulk + Sbranes.
1 The idea of embedding our universe into an uncompactified higher dimensional spacetime can be
traced back to [22] and was further pursued in [23].
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In the second (RS2) [26], there is a single membrane source where gravity is confined
by a volcano potential given by two surrounding AdS spaces. Since in this case the
fifth dimension is really uncompactified, RS2 suggests an alternative to Kaluza–Klein
reduction, and one can aim at obtaining this model within a gravity theory, without
singular sources. In order to realize RS2, one must find a model yielding two different
stable critical points with equal values of the vacuum energy and a domain–wall solution
interpolating between them.
Although it is perhaps desirable to embed any of the above scenarios into a super-
symmetric string or gravity theory, the supersymmetrisation of the RS2 “alternative to
compactification” is obviously much more appealing in view of its theoretical implica-
tions. Regrettably, Kallosh and Linde have shown [27] that none of the available 5D
supergravity theories allow for such RS2 construction, and a definite answer for the min-
imal supersymmetric extension can only derive from the study of the fully coupled 5D
N = 2 theory. Notice that this is not in contrast with the result in [28], where the RS1
scenario is considered within the gauged N = 2 pure supergravity [4] modified by the
presence of singular sources.
Attempts to obtain any of these scenarios from a pure stringy perspective can be found
in [29].
Aside from the supersymmetric brane worlds, the gauged and fully coupled D = 5
N = 2 theory is the starting point for the study of five–dimensional black holes along the
lines of [30].
The history of the couplings and gaugings of D = 5, N = 2 supergravity is quite long.
The pure theory was developed long ago [3], as its UR(1)–gauged version [4]. The interac-
tion with vector multiplets, yielding the general Einstein–Maxwell ungauged theory, was
proposed in [5], while some of its possible gaugings appeared in [6]. As a byproduct of the
above–mentioned heterotic M–theory compactifications, hypermatter was later coupled
to the abelian Einstein–Maxwell theory2 [9].
Very recently, the addition of tensor multiplets obtained by dualising some of the
vectors has been explored within the Einstein–Maxwell theory, with the gauging of a
subgroup K ⊂ G of the isometries of the scalar manifold and of a U(1) subgroup of the
R–symmetry group [10, 11].
This paper completes the above work by adding to the coupling of vector and tensor
multiplets, also interaction with an arbitrary number of hyper–multiplets and generic
gauging of K ⊂ G and SU(2)R. The scalar fields belonging to the vector and hyper-
multiplets parametrise a manifold M that is the product of a very special [32] by a
quaternionic manifold. Rather than the Noether method, we use our past experience
[33, 34] and construct the lagrangean by a geometrical technique that yields quite naturally
2The possibility of a coupling to hypermatter was foreseen in [31] in the context of M–theory com-
pactifications over Calabi–Yau manifolds and a first description of such ungauged coupling can be found
in [8].
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also all the higher order terms in the fermion fields, that were often neglected in the past
from both lagrangeans and supersymmetry transformation rules. In particular, the scalar
potential of the theory can be completely expressed in terms of the shifts that appear in
the supersymmetry rules of fermionic fields due to the gauging [35].
In sections 2–4, after a description of the generic matter couplings and SUR(2) and
Yang–Mills gaugings, we write the general lagrangean and complete supersymmetry trans-
formation rules. We find that the scalar field potential is modified by the inclusion of
hypermultiplets in that a new term appears and the contribution due to the R-symmetry
gauging is now given in terms of SU(2)R rather than U(1)R invariant objects.
We then turn in section 5 to the investigation of the possible realization of the RS2
scenario and perform a very simple preliminary analysis of the scalar potential along the
lines of [27]. We seem to find that no new supersymmetric AdS vacua arise and no new
BPS solutions are generated. However, the study of possible non–BPS solutions surely
deserves a deep investigation that we postpone to future work.
As a further application of our results, we finish in section 6 with some remarks
concerning the explicit realization of the theory corresponding to the T 11 compactification
of type IIB supergravity.
2 Preliminaries: Pure supergravity
Rather than component formalism and Noether method, we chose to work with superspace
language for two main reasons: the first is the use of differential forms, that often simplify
computations and make more transparent the geometric meaning of the various structures
in the theory [2], the second is the use of superfields [36], that guarantee a natural way
to achieve supersymmetry. The promotion of differential forms to superforms yields the
supersymmetry transformations and equations of motion, without the need of an action to
start from. The reduction to the ordinary component formalism is trivial and it shows that
one obtains naturally all the supercovariantized quantities. Thus superspace formalism
is also a good tool to simplify computations involving higher order fermion terms, which
are often disregarded in other treatments.
In order to exemplify our technique and show how to analyze the results, we briefly
revisit the pure N = 2 five–dimensional supergravity [3, 4] in the superspace formalism
[36].
The pure supergravity multiplet3
{eaµ, ψαiµ , Aµ} (2.1)
contains the graviton eaµ, two gravitini ψ
αi
µ and a vector field Aµ (the graviphoton), that
are described in superspace by the supervielbeins ea = (ea, ψαi), the Lorentz connection
ωa
b and the one–form A.
3Our conventions are collected in the Appendix.
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The torsion T a, the Lorentz and graviphoton curvatures Ra
b and F are defined by
T a = Dea = dea + ebωb
a,
Ra
b = dωa
b + ωa
cωc
b, (2.2)
F = dA.
These fields satisfy the Bianchi Identities (BI)
DT a = ebRb
a, DRa
b = 0, dF = 0. (2.3)
It is well known that each tensor component represents a full superfield multiplet, con-
taining a large number of component fields, most of which are superfluous. The unphysical
fields are eliminated by imposing constraints on the supercurvatures.
Once the constraints are imposed, the BI of the various superfields are no longer
automatically satisfied, and their consistent solution determines the couplings and the
dynamics of the fields, through the derivation of the equations of motion.
Remarkably, not all the constraints are dynamical, but some of them can be absorbed
in superfield redefinitions [37], that highly reduce the number of effective degrees of free-
dom and simplify the solution of the BI.
Without entering the technical details, we mention that the general strategy [37] based
on group theoretical arguments leads to the fundamental constraint
T aαiβj =
1
2
ǫijΓ
a
αβ , (2.4)
which is needed to preserve rigid supersymmetry, and those imposing the dynamics 4:
Tαiβj
σk = 0, (2.5)
Fαiβj = − i
4
√
6 ǫijCαβ. (2.6)
From the rheonomic approach point of view [2, 4], (2.4) and (2.6) are a result of the
Maurer–Cartan’s equations dual to the SU(2, 2|1) superalgebra.
One can now solve the BI and find the following parametrizations:
T a = −1
4
ψ
i
γaψi, (2.7a)
T i =
1
2
eaebTba i +
i
4
√
6
ea
(
γabcψ
i − 4ηabγcψi
)
F bc, (2.7b)
Rab =
1
2
edecRcd ab +
1
4
ecψ
i
γcTab i − 1
2
ecψ
i
γ[aTb]c i +
+
i
8
√
6
(
ψiγab
cdψi + 4ψiψ
iηcdab
)
F cd, (2.7c)
F =
1
2
eaebFba +
i
√
6
8
ψ
i
ψi. (2.7d)
4All the conventions have been chosen such that the supersymmetry laws and the structure of the
Lagrangean match the formulae in [5]. Only the definition of the gravitational covariant derivative differs
by a sign, that reflects in the opposite sign in the definitions of ω and R with respect to [5].
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This solution deserves some comments. First of all, since the T– and F–BI are coupled,
they cannot be solved separately, but the Taαi
σk component of the torsion is determined
by the F–BI. Although the coupling with matter multiplets could in principle change the
constraints (2.4)–(2.6) and their solution (2.7), one finds that the closure of the supersym-
metry algebra still requires the fulfillment of the fundamental constraint (2.4). Moreover,
it turns out that also the (2.7a) solution and the (2.5) constraint can be preserved. In
particular, the T abc component of the torsion can always be annihilated by a shift of
the Lorentz connection ωa b
c, translating all its non–zero components in the definition of
Taαi
βj. E.g., in our formulation, the solution given in [4] would read
Tab
c ∼ ǫabcdeFde
and
Taαi
βj ∼ (Γb)αβδjiFab,
which differs from (2.7) by a shift of ǫabcdeF
de in the ωa b
c definition. For the (2.5) con-
straint, using the vielbein and connection redefinitions found in [37], one sees that only its
4 irreps. of SO(5) are physical and they are fixed by the solution of the lowest dimensional
T–BI which does not change in presence of matter5. The same field redefinitions also tell
that the only physical component in Taαi
b is the 40, which does not correspond to any
structure in our supergravity model and indeed it is set to zero by the same T–BI.
Finally, the (2.7) equations can be determined by solving only the F– and T–BI, since
by Dragon’s theorem the R–BI follow once solved the T ones [37].
The ordinary supersymmetry transformations can be easily read off from the super-
space results (2.7). In fact, εA = (0, εαi) being the translation parameter, the supersym-
metry transformations of the component fields are given by covariantized superspace Lie
derivatives of the corresponding superfields, evaluated at ϑ = 0 = dϑ:
δεφ = (iεD +Diε)φ|ϑ=0=dϑ . (2.8)
They are explicitly
δεe
a =
1
2
εiγaψi,
δεψ
i = D(ω̂)εi +
i
4
√
6
ea (γabc − 4ηabγc) εi F̂ bc,
δεωa
b =
i
4
√
6
(
ψiγab
cdεi + 4ψiε
i ηcdab
)
F̂ cd,
δεA =
i
√
6
4
ψ
i
εi ,
(2.9)
where the hatted quantities refer to supercovariantized terms, i.e. F̂ab = Fab+
i
√
6
4
ψ
i
[aψb]i.
5We will see in the next section that this freedom can be used to couple the hypermatter.
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3 Gauged supergravity with generic matter coupling
Five–dimensional N =2 supergravity allows, beside the supergravity multiplet (2.1), three
kinds of matter multiplets: the vector, tensor and hypermultiplet.
The vector multiplet
{Aµ, λi, φ}
contains a vector field, an SUR(2) doublet of spin–1/2 fermions and one real scalar field,
while the tensor multiplet
{Bµν , λi, φ}
contains a tensor field of rank two, and again an SUR(2) doublet of spin–1/2 fermions
and one real scalar field. In the hypermultiplet
{ζA, qX}
there is a doublet of spin–1/2 fermions A = 1, 2 and four real scalars X = 1, . . . , 4.
To allow for self–interactions, the scalars of the nV vector, nT tensors and nH hyper-
multiplets parametrize a manifold Mscalar which is the direct product of a very special
[32] and a quaternionic manifold
M = S(nV + nT )⊗Q(nH), (3.1)
with dimRS = nV + nT and dimQQ = nH .
In detail, the theory we are going to describe has the following field content{
eµ
a, ψiµ, A
I
µ, B
M
µν , λ
ia˜, ζA, φx˜, qX
}
. (3.2)
Here I = 0, 1, . . . , nV is an index labeling the vector fields of the nV vector multiplets
and the graviphoton, since they will mix in the interactions. M = 1, . . . , nT labels the
tensor multiplets. The scalars φx˜, x˜ = 1, . . . , nV + nT , parametrize the target space S
and thus x˜ is a curved index. The λa˜i instead transform as vectors under the tangent
space group SO(nV + nT ) and a˜ = 1, . . . , nV + nT is the corresponding flat index. The Q
manifold is the target space of the qX scalars and X = 1, . . . , 4nH are the curved indices
labeling the coordinates. As expected for a quaternionic manifold, we have two types of
flat indices A = 1, . . . , 2nH and i = 1, 2, corresponding to the fundamental representations
of USp(2nH) and USp(2) ≃ SU(2).
We will shortly see that it is also useful to introduce a collective index for the vector
and tensor fields, which we denote by I˜ = (I,M).
3.1 The S target space manifold
The scalar field target manifold of the vector and tensor multiplets S is a very special
manifold [5] which can be described by an (nV + nT )–dimensional cubic hypersurface
CI˜ J˜K˜h
I˜hJ˜hK˜ = 1 (3.3)
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of an ambient space parametrized by nV + nT + 1 coordinates h
I˜ = hI˜(φx˜). It is known
that the kinetic term for such scalars can be written in terms of the coordinates as
CI˜ J˜K˜h
I˜∂µh
J˜∂µhK˜ ,
where CI˜ J˜K˜ is a completely symmetric constant tensor that determines also the Chern–
Simons couplings of the vector fields.
A complete classification of the allowed homogeneous manifolds has been given in [32]
and a lot of their interesting properties, especially when they are restricted to be a coset
of the Jordan family, have been given in [5], to which we surely refer the reader for all the
details.
Here we only collect some notions and results for their geometrical structures, which
are directly related to the computations we present in this and the next sections.
First, we note that when nT 6= 0 not all the CI˜ J˜K˜ coefficients differ from zero, but, as
stated in [10], the only components that survive the gauging of a Yang–Mills group are
the CIJK and CIMN .
For what concerns the S manifold, f a˜x˜ , gx˜y˜ and Ωa˜b˜x˜ denote its (nV + nT )–bein, the
metric and the spin connection, which can be given implicitly in terms of f a˜x˜ through the
formula
f a˜[x˜,y˜] + Ω
a˜b˜
[y˜ f
b˜
x˜] = 0.
The Riemann tensor is given by
Kx˜y˜z˜w˜ =
4
3
(
gx˜[w˜gz˜]y˜ + Tx˜[w˜
t˜Tz˜]y˜t˜
)
, (3.4)
where Tx˜y˜z˜ is a completely symmetric function of φ
x˜. The coordinates of the ambient
space hI˜ have an index which is raised and lowered through the φx˜–dependent metric aI˜ J˜ .
All these functions are subject to the following algebraic and differential constraints,
that are essential to close the supersymmetry algebra [5]:
CI˜ J˜K˜ =
5
2
hI˜hJ˜hK˜ −
3
2
a(I˜ J˜hK˜) + Tx˜y˜z˜h
x˜
I˜h
y˜
J˜
hz˜K˜ ,
hI˜hx˜I˜ = 0, h
I˜
x˜h
J˜
y˜aI˜ J˜ = gx˜y˜,
aI˜ J˜ = hI˜hJ˜ + h
x˜
I˜
hy˜
J˜
gx˜y˜, (3.5)
hI˜ ,x˜ =
√
2
3
hI˜ x˜, h
I˜
,x˜ = −
√
2
3
hI˜x˜,
hI˜ x˜;y˜ =
√
2
3
(
gx˜y˜hI˜ + Tx˜y˜z˜h
z˜
I˜
)
, hI˜ x˜;y˜ = −
√
2
3
(
gx˜y˜h
I˜ + Tx˜y˜z˜h
z˜ I˜
)
.
3.2 The Q target manifold
Self–interacting hypermultiplets in an N = 2, D = 5 theory are known to live on a
quaternionic Ka¨hler manifold [38, 8, 9]. The quaternionic metric tensor will be denoted
by gXY (q), while ωX i
j(q) and ωX A
B(q) will be the USp(2) and USp(2nH) connections.
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As a consequence of its quaternionic structure, the holonomy group of the manifoldQ is
a direct product of SU(2) and some subgroup of the symplectic group in 2nH dimensions.
This means that one can introduce the vielbeins fXiA to pass to the flat indices iA ∈
USp(2)⊗ USp(2nH).
These vielbeins obey the following relations:
gXY f
X
iA f
Y
jB = ǫij CAB,
fXiC f
Y C
j + f
Y
iC f
XC
j = g
XY ǫij , (3.6)
fXiA f
Y i
B + f
Y
iA f
Xi
B =
1
nH
gXY CAB,
where ǫij and CAB are the SU(2) and USp(2nH) invariant tensors respectively.
To obtain the coupling of these fields to supergravity when they are chargeless with
respect to the Yang–Mills (Maxwell) fields, one uses the freedom left by the solution of
the T–BI of introducing some fermions in Tαiβj
γk, as explained in the analogous six–
dimensional case [33].
Since the structure of the possible spinor component Tαiβj
γk is of the same form as
the pullback of the USp(2) connection on the cotangent bundle basis of the superspace,
one can write the new constraint
Tαiβj
γk = δγαωβj i
k + (αi↔ βj), (3.7)
and solve the BI, but this of course breaks USp(2) covariance. It is more convenient to
proceed in a slightly different but equivalent way which does not break covariance.
Redefining the covariant derivative D by introducing the USp(2)⊗USp(2nH) connec-
tions
D = d+ ωLorentz + dq
X ωX#
#, # = {A, i}, (3.8)
one gets the new torsion definitions
T a ≡ dea + ebωba,
T αi ≡ dψαi + ψβiωβα + ψαjωji, (3.9)
and imposes again the constraint Tαiβj
γk = 0. This modifies also the T–BI according to
D(new)T
αi = ψβiRβ
α + ψαjRj i, (3.10)
where Rj i ≡ dωji + ωjkωki = 12dqXdqYRY X ji is the USp(2) curvature.
It is known [38] that a quaternionic manifold is maximally symmetric. This fixes the
USp(2) curvature to
RXY ij = κ
(
fXiCf
C
Y j − fY iCfCXj
)
, (3.11)
with κ a constant fixed by supersymmetry requirements to κ = −1.
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Other useful identities regarding the definition of the Q–Riemann tensor and the
USp(2nH) curvature are
RXY AB = κ
(
fXiAf
i
Y B − fY iAf iXB
)
+ f iCX f
D
Y iΩABCD, (3.12)
RXY WZ fWiAfZjB = ǫijRXY AB + CABRXY ij, (3.13)
that can easily be pulled back on superspace. Here ΩABCD denotes the totally symmetric
tensor of USp(2nH).
3.3 The Gauging
The gauging of matter coupled N = 2 supergravity theories is achieved by identifying the
gauge group K as a subgroup of the isometries G of the M product space. If one choses
to gauge nV + 1 vector fields, one is left with up to nT = dimG− nV other ones, charged
under K, which will be dualised to tensor fields. As explained in [34], two main cases can
occur: K non abelian and K = U(1)nV +1. In the first case, supersymmetry requires K to
be a subgroup of the full M, and the hypermultiplet space will generically split into
nH =
∑
i
niRi +
1
2
∑
l
nPl R
P
l ,
where Ri and R
P
l are a set of irreps of K (P = pseudoreal). In the abelian case, the
S–manifold is not required to have any isometry and if the hypermultiplets are charged
with respect to the nV + 1 U(1)’s, the Q manifold should at least have nV + 1 abelian
isometries.
The gauging now proceeds by introducing nV +1 Killing vectors acting generically on
M:
φx˜ → φx˜ + ǫIK x˜I (φ),
qX → qX + ǫIKXI (q),
for an infinitesimal parameter ǫI .
The quaternionic structure of Q implies that KXI can be determined in terms of the
Killing prepotential PI i
j(q) [34], which satisfies
DqYKXI RXY ij = DPI ij (3.14)
and, for fKIJ the gauge group structure constants,
gRXY ijKXI KYJ + gRP[I ikPJ ] kj + g
1
2
fKIJPK i
j = 0. (3.15)
Gauging the supergravity theory is now done by gauging the composite connections
of the underlying σ–model. Following the well–established general procedure [1, 2] first
introduced in [39] for the N = 8, D = 4 case, we proceed by replacing for the YM
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couplings the covariant derivatives on the scalar and fermion fields containing the Lorentz,
SO(nV + nT ) and USp(2)⊗ USp(2nH) connections by K–covariant derivatives
Dφx˜ = Dφx˜ + gAIK x˜I (φ),
DqX = DqX + gAIKXI (q),
Dλa˜i = Dλa˜i + gAILI a˜b˜(φ)λb˜i ,
DζA = DζA + gAIωI BA(q)ζB,
(3.16)
where g is the coupling constant, AI the gauge field one–forms, La˜b˜I the G–transformation
matrices of the gluinos
La˜b˜I ≡ ∂ b˜K a˜I (3.17)
and
ωI B
A ≡ KIX;Y fXAi fY iB . (3.18)
At the same time, the connection Ωa˜b˜ is replaced by its gauged counterpart
Dφx˜Ωx˜ a˜b˜ + gAIKIa˜;b˜. (3.19)
This reflects into suitable changes in the definition of the gauged curvatures and BI:
D2φx˜ = gF IK x˜I , (3.20)
D2qX = gF IKXI , (3.21)
D2λa˜i = Rj iλa˜j +K a˜b˜λb˜i + gF ILI a˜b˜λb˜i, (3.22)
D2ζA = RBAζB + gF IωI BAζB, (3.23)
where
Ka˜b˜ =
1
2
Dφx˜Dφy˜Ky˜x˜ a˜b˜, (3.24)
RAB = 1
2
DqXDqYRY X AB, (3.25)
are the S Riemann and USp(2nH) curvatures, with components defined in (3.4), (3.12)
and
F I = dAI − 1
2
gf IJKA
JAK (3.26)
is the gauge field strength satisfying the BI
DF I = 0. (3.27)
For the SUR(2) connection, the existence of a Killing vector prepotential PI i
j(q) allows
the following definition:
ωi
j → ωij + gRAIPI ij(q), (3.28)
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which replaces the SU(2)R connection with its gauged counterpart. This implies that the
new covariant derivative acting on the gravitino is
T αi ≡ Dψαi = dψαi + ψβiωβα + ψαjωji + gR ψαj AIPI j i(q), (3.29)
and that the SUR(2) curvature definition is replaced by
R̂ij = 1
2
DqXDqYRY X ij + gRF IPI ij , (3.30)
provided PI i
j satisfies the (3.14) and (3.15) relations.
This leads to a further redefinition of the gaugino BI (3.22) and of the torsion one,
which now read
D2λa˜i = R̂j iλa˜j +K a˜b˜λb˜i + gF ILI a˜b˜λb˜i (3.31)
and
DT αi = ψβiRβα + ψαjR̂j i. (3.32)
3.4 The solution of the Bianchi Identities
In order to solve the superspace BI in presence of gauging and to obtain the new susy rules,
one must first face a technical problem, that is how to implement the tensor multiplet BI
in superspace.
It is known [10] that the BMµν fields satisfy a first order equation of motion of the type
DBM =MMN ⋆ BN , (3.33)
where M is a mass matrix. The problem is that (3.33) contains the Hodge star product,
which is not well defined in superspace. Moreover, being a first order equation of motion,
(3.33) cannot be derived by the standard procedure of solving the BI for the superfield
two–form BM , after imposing some constraint on its field strength HM .
It must also be noted that the BM transform under the gauge group K and the correct
definition of HM is [10]
HM ≡ dBM + gΛMINAIBN , (3.34)
where ΛMIN is the representation matrix
6.
This implies that the H–BI become
DHM = gΛMINF IBN (3.35)
where the superfield connection BM appears explicitly, breaking covariance.
The solution to this problem lies in the origin of the tensor fields.
In perfect analogy with the six–dimensional case [40], before the gauging the BM
degrees of freedom are described by AM vectors, transforming nontrivially under K. To
6It has been shown [10] that they must lie in a symplectic representation of the gauge group K.
11
obtain the gauging of K, one must also introduce some bM tensor fields with the usual
invariance δbM = dΛM . These must be introduced in the lagrangean and transformation
rules in such a way that everywhere FM gets replaced by the combination
BM = bM + FM . (3.36)
Closure of the supersymmetry algebra imposes that the vector field AM transforms non–
trivially under the gauge transformations of the tensor fields
δbM = dΛM ⇒ δAM = −ΛM , (3.37)
leaving the (3.36) combination gauge invariant.
This allows the vector fields to be completely gauged away by taking ΛM = AM ,
leaving BM = bM , where now bM has “eaten” the AM degrees of freedom, and obtained its
longitudinal modes by a Higgs–type mechanism. This also implies thatBM is now massive,
and its supersymmetry variation acquires an additional term of the form dδsusyA
M .
From the superspace point of view, this can be seen as the need of imposing directly
on BM the same constraints and F–BI solutions imposed on FM (which is now allowed,
since the massive BM has lost the gauge invariance under δBM = dΛ) and then solve
consistently the H–BI. These BI now will also provide the first–order BM equations of
motion at the level of the abαiβj sector.
Following [10], from now on we will use HI˜ to denote collectively the F I and BM
fields, depending on the value of I˜.
The constraints to be imposed on the curvatures are the straightforward generalization
of those proposed for pure supergravity (2.4)–(2.6), and read
T aαiβj =
1
2
ǫijΓ
a
αβ , (3.38a)
HI˜αiβj = −
√
6
4
iǫijCαβh
I˜ , (3.38b)
Tαiβj
γk = 0. (3.38c)
In addition, one must fix the normalization of the fermion fields:
Dαiφx˜ ≡ − i
2
f x˜a˜ λ
a˜
αi, (3.39)
DαiqX ≡ ifXAiζAα . (3.40)
Introducing the (3.38) constraints and the (3.39)–(3.40) definitions in the BI, we obtain
the new parametrizations of the curvatures as well as some algebraic and differential
constraints on the geometric structures (e.g. those presented in (3.5)) and the equations
of motion.
The torsion parametrization remains the same as in the pure gravity case:
T a = −1
4
ψ
i
γaψi. (3.41)
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However, the super–field–strength of the gravitino now contains many new terms involving
couplings with fermions and a new gauging term, which is fixed by the solution of the
T–BI:
Ti =
1
2
eaebTba i +
i
4
√
6
hI˜e
a (γabcψi − 4ηabγcψi)Hbc I˜ +
− 1
12
eaγabψ
j λ
c˜
iγ
bλc˜j +
1
48
eaγabcψ
j λ
a˜
i γ
bcλa˜j +
1
6
eaψj λ
c˜
iγaλ
c˜
j +
− 1
12
eaγbψj λ
c˜
iγabλ
c˜
j +
1
8
eaγbcψi ζAγabcζ
A +
i√
6
gR e
aγaψ
jPij, (3.42)
where
Pij ≡ hIPIij. (3.43)
Regarding the Yang–Mills and tensor multiplets, the scalar parametrization directly
follows from (3.39):
Dφx˜ = eaDaφx˜ + i
2
ψ
i
λa˜i f
x˜
a˜ . (3.44)
The F I field–strength, apart from the component fixed in (3.38b), has a new term
involving the gluino fields which is fixed by the F–BI. Since the BM parametrization
must have the same form, these can be collectively written as
HI˜ = 1
2
eaebHI˜ba −
1
2
ea ψ
i
γaλ
a˜
i h
I˜
a˜ +
i
√
6
8
ψ
i
ψi h
I˜ . (3.45)
The gluinos field strength (and supersymmetry variation) are
Dλa˜i = eaDaλa˜i −
i
2
f a˜x˜γ
aψiDaφx˜ + 1
4
ha˜
I˜
γabψiHI˜ab +
− i
4
√
6
T a˜b˜c˜
[
−3ψj
(
λ
b˜
iλ
c˜
j
)
+ γaψ
j
(
λ
b˜
iγ
aλc˜j
)
+
1
2
γabψ
j
(
λ
b˜
iγ
abλc˜j
)]
+ (3.46)
+ gRψ
jP a˜ij + gW
a˜ψi,
where
P a˜ij ≡ ha˜IPI ij (3.47)
and
W a˜ ≡ −
√
6
8
ΩMNha˜MhN . (3.48)
The (3.46) parametrization contains the obvious terms needed to close the F–BI and
the supersymmetry algebra on φx˜. In addition, the first bilinear in the gluini and the
R–symmetry gauging terms are fixed by closure of the supersymmetry algebra. The
Yang–Mills gauging term is then fixed by the H–BI, since it appears only when tensor
multiplets are involved [10].
We point out that, differently from the four–dimensional case, the Yang–Mills gauging
in the absence of tensor multiplets does not lead to any extra term. This is due to
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the fact that, according to [6], hIK x˜I = 0 if we assume that under an infinitesimal K–
transformation with parameter η, the vectors transform as
δηA
I ∼ f IJKAJηK . (3.49)
When the tensor fields are involved, the Killing vectors get a new contribution coming
from the K–transformation properties of the tensors and therefore now hIK x˜I 6= 0. This
gives us back a Yang–Mills gauging term, determined by closure of the supersymmetry
algebra on φx˜, which must be equivalent to (3.48) and it reads
W a˜ =
√
6
4
hIK x˜I f
a˜
x˜ . (3.50)
The solution of the H–BI fixes the HM parametrization, which reads
HM =
1
3!
eaebecHcba +
i
8
gebea ψ
i
γabλ
a˜
i hNΩ
MN + g
√
6
16
ea ψ
i
γaψiΩ
MNhN , (3.51)
where it must be noted that in Habc one should substitute the B equations of motion.
The closure of the H–BI also imposes some constraints on the representation matrix
Λ:
ΩMNhN =
√
6ΛMINh
IhN ,
ΩMNha˜N =
√
6ΛMIN
(
ha˜IhN + hIha˜N
)
,
(3.52)
which can be shown to be equivalent to condition (5.12) of [10], namely
ΛMIN =
2√
6
ΩMPCNPI . (3.53)
Turning to the hypermultiplets, the scalar parametrization is fixed once (3.40) is im-
posed, and is given by
DqX = eaDaqX − iψiζA fXiA. (3.54)
Closure of supersymmetry on qX and ζA imposes then
DζA = eaDaζA − i
2
γaψ
iDaqX fAiX + gψiNAi , (3.55)
with the g–order shift defined as
NiA ≡
√
6
4
fXAiK
X
I h
I . (3.56)
This term is due to the Yang–Mills charge of the hypermultiplets.
Finally, for completeness, we give here also the parametrization of the Riemann tensor:
Rab =
1
2
edecRcd,ab +
i
8
√
6
(
ψiγab
cdψi + 4ψiψ
iηcdab
)
HI˜cdhI˜ +
+
1
24
ψ
i
γabcψ
j λiγ
cλj +
1
48
ψ
i
γcψ
j λiγ
abcλj +
+
1
24
ψ
i
ψj λiγabλj +
1
4
ψiγ
cψj ζAγabcζ
A − i
2
√
6
ψ
i
γabψ
j Pij +
+
1
4
ecψ
i
γcTab i − 1
2
ecψ
i
γ[aTb]c i. (3.57)
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As shown in the previous section, the ordinary supersymmetry transformations of the
fields are recovered from the above superspace results by using (2.8). One sees that, as
expected, they complete those given in [10] with the higher order Fermi terms and the
new couplings:
δεe
a =
1
2
ε¯iγaψi, (3.58)
δεψi = D(ω̂)εi + i
4
√
6
hI˜e
a (γabcεi − 4ηabγcεi) Ĥbc I˜ − δεqXωX ijψj +
− 1
12
eaγabε
j λ
c˜
iγ
bλc˜j +
1
48
eaγabcε
j λ
a˜
i γ
bcλa˜j +
1
6
eaεj λ
c˜
iγaλ
c˜
j +
− 1
12
eaγbεj λ
c˜
iγabλ
c˜
j +
1
8
eaγbcεi ζAγabcζ
A +
i√
6
gR e
aγaε
jPij , (3.59)
δεφ
x˜ =
i
2
ε¯iλa˜i f
x˜
a˜ , (3.60)
δεA
I = ϑI , where ϑI˜ ≡ −1
2
ea ε¯iγaλ
a˜
i h
I˜
a˜ +
i
√
6
4
ψ
i
εi h
I˜ , (3.61)
δελ
a˜
i = −
i
2
f a˜x˜γ
aεi D̂aφx˜ − δεφx˜Ωx˜a˜b˜λb˜i − δεqXωX ijλa˜j +
1
4
ha˜I˜γ
abεi ĤI˜ab +
− i
4
√
6
T a˜b˜c˜
[
−3εj λb˜iλc˜j + γaεj λb˜iγaλc˜j +
1
2
γabε
j λ
b˜
iγ
abλc˜j
]
+ (3.62)
+ gRε
jP a˜ij + gW
a˜εi,
δεB
M = dϑM +
i
8
gebea ε¯iγabλ
a˜
i hNΩ
MN + g
√
6
8
ea ψ
i
γaεiΩ
MNhN , (3.63)
δεq
X = −iε¯iζA fXiA, (3.64)
δεζ
A = − i
2
γaεiD̂aqX fAiX − δεqXωX BAζB + gεiNAi . (3.65)
The hatted quantities ̂ are the supercovariantization of the unhatted ones.
4 The action
We now turn to the Lagrangean of the N = 2, D = 5 gauged supergravity in interaction
with vector, tensor and hypermultiplets. We take as a start the results of [5, 10], and add
all the modifications that are needed in presence of hypermultiplets and SU(2)R gauging.
We’ll exhibit our result at the component level, and for brevity, whenever we use the
same symbols as in section 3, we now mean those objects evaluated at ϑ = 0 = dϑ. In
particular, the superspace differential d now becomes the ordinary differential.
Each form can be decomposed along the vielbeins ea = dxµeµ
a and the gravitino, which
reduces to ψi = dxµψiµ ≡ eaψia. The supercovariant connection one–form ωˆab = dxµωˆµab
is naturally introduced, via equation (3.41), now evaluated at ϑ = 0 = dϑ, as
dea + eb ωˆb
a = −1
4
ψ
i
γaψi. (4.1)
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This determines ω as the metric connection, augmented by the standard gravitino bilin-
ears. The supercovariant curvature two–form becomes Ra
b = dωˆa
b + ωˆa
cωˆc
b, with ωˆ given
in (4.1).
Since we write the Lagrangean as a five–form, it is also convenient to define the (5−p)–
forms
eˆa1...ap ≡ − 1
(5 − p)!ǫ
a1...apb1...b5−peb1 . . . eb5−p . (4.2)
In particular eˆ =
√−g d5x.
Invariance of the action under supersymmetry can be checked by using the standard
trick of lifting this action to superspace, performing the superspace differential and taking
the interior product with εA. It is obvious that the equation (2.8) gives
δε
∫
L =
∫
iεDL+
∫
DiεL
and DiεL is a total derivative that we can discard.
The Lagrangean for the gauged theory can be split as
L = LKIN + LPauli + LCS + Lmass + Lpot + L4Fermi,
where LKIN contains the kinetic terms, LPauli describes the couplings between the bosonic
field–strengths and the fermions, LCS contains the Yang–Mills Chern–Simons term, Lmass
gives the mass of the fermions, Lpot contains the typical potential of the gauged theories
and L4Fermi contains the four–Fermi terms.
The kinetic terms are
LKIN = 1
2
Rabeˆab +
i
4
eaebψ
i
γabDψi − 1
2
λ
ia˜
γaDλa˜i eˆa − ζAγaDζAeˆa +
+
[
1
2
gx˜y˜Q
x˜
aQ
ay˜ eˆ− eˆagx˜y˜Qx˜a
(
Dφy˜ − i
2
ψ
i
λa˜i f
y˜
a˜
)]
+
+
[
1
2
gXYQ
X
a Q
aY eˆ− eˆagXYQXa
(
DqY + iψiζAfYiA
)]
+ (4.3)
+
1
4
aI˜ J˜Q
I˜
ab
[
QJ˜ abeˆ + 2eˆab
(
HJ˜ + 1
2
ec ψ
i
γcλ
a˜
i h
J˜
a˜ −
i
√
6
8
ψ
i
ψih
J˜
)]
+
+
1
g
ΩMNB
MHN ,
where Qx˜a, Q
A
a and Q
I˜
ab are auxiliary fields which have been introduced in order to write
the Lagrangean as a five–form. Their equations of motion give
eaQx˜a = Dφx˜ −
i
2
ψ
i
λa˜i f
x˜
a˜ ,
eaQXa = DqX + iψiζAfXiA, (4.4)
1
2
eaebQI˜ba = HI +
1
2
ec ψ
i
γcλ
a˜
i h
I˜
a˜ −
i
√
6
8
ψ
i
ψih
I˜ ,
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which, upon substituting this back in LKin, yields the usual super–covariantized kinetic
terms.
The Pauli–like couplings are described by:
LPauli = i
4
λ
ia˜
γabψiHI˜ha˜I˜ eaeb −
√
6
8
ψ
i
γaψiHI˜hI˜ea −
i
4
λ
i
a˜γabψiDφx˜f a˜x˜ eˆab +
− i
4
ΦI˜ a˜b˜ λ
ia˜
γabλ
b˜
i HI˜ eˆab +
i
4
√
6
ζAγabζ
AHI˜hI˜ eˆab + (4.5)
+
i
2
ψ
i
γabζ
A fXAiDqY gXY eˆab,
where
ΦI˜ a˜b˜ ≡
√
2
3
(
1
4
δa˜b˜hI˜ + Ta˜b˜c˜h
c˜
I˜
)
,
whereas the Chern–Simons couplings are fixed as usual to
LCS = 2
3
√
6
CIJK
(
F IF JAK − 3
4
gF IAJALAFfKLF +
3
20
g2fJGHf
K
LFA
IAGAHALAF
)
. (4.6)
The four Fermi terms can further be split, following
L4Fermi = L4λ + L3λψ + Lother,
such that
L4λ = eˆ
[
1
48
√
6
λ
ia˜
γabλ
b˜
i λ
jc˜
γabλd˜j Ta˜b˜c˜;d˜ +
1
24
Ka˜b˜c˜d˜
(
2 λ
ia˜
λb˜i λ
jc˜
λd˜j +
+ λ
ia˜
γaλ
b˜
i λ
jc˜
γaλd˜j
)
− 1
12
λ
ia˜
λja˜ λ
b˜
jλ
b˜
i +
− 1
24
λ
ia˜
γaλ
ja˜ λ
b˜
jγ
aλb˜i +
1
64
λ
ia˜
γabλ
ja˜ λ
b˜
jγ
abλb˜i
]
(4.7)
and
L3λψ = 2i
3
√
6
Ta˜b˜c˜
[
λ
ia˜
ψj λ
b˜
iγaλ
c˜
j −
1
2
λ
ia˜
γaψ
j λ
b˜
iλ
c˜
j
]
eˆa (4.8)
exactly reproduce the terms of the Einstein–Maxwell theory presented in [5].
Lother contains the new four–Fermi interactions with the hypermultiplet spinors and
reads:
Lother = − i
32
ea ψ
i
γaψi ψ
j
ψj + eˆab
[
1
32
ψ
i
ψi ζAγ
abζA +
1
4
ζAγ
abψi ψ
i
ζA
]
+
+
[
1
16
λ
a˜i
γabψi λ
a˜k
ψk +
1
16
λ
a˜i
γcψi λ
a˜j
γabcψj − 1
64
λ
a˜i
γabλa˜i ψ
k
ψk
]
eˆab +
+ eˆ
1
16
ζAγ
abζA ζBγabζ
B − 1
4
ΩABCD
(
5ζ
A
ζB ζ
C
ζD − ζAγaζB ζCγaζD
)
+ eˆ
1
16
ζAγ
abcζA λ
a˜i
γabcλ
a˜
i . (4.9)
We point out that there are no terms with three gravitinos and one gluino or two ζ ,
one gluino and one gravitino due to the orthogonality properties of hI˜ and hI˜ a˜.
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We can finally describe the mass and potential terms. The first reads
Lmass = gR
[
i
2
√
6
λ
ia˜
λjb˜ P a˜b˜ij eˆ− λia˜γaψj P a˜ij eˆa −
i
√
6
8
ψ
i
γabψ
j Pij eˆ
ab
]
+
+ g
[
λ
ia˜
γaψiW
a˜ eˆa + λ
ia˜
λb˜jWa˜b˜ eˆ+ 2ψ
i
γaζ
ANiA eˆa+
− 2i ζAλa˜iMAia˜ eˆ+ ζAζB MAB eˆ
]
, (4.10)
where P a˜ij, Pij, W
a˜ and NiA were defined in the previous section by equations (3.47),
(3.43), (3.48) and (3.56), and the other mass matrices are defined as
P a˜b˜ij ≡ δa˜b˜Pij + 4T a˜b˜c˜P c˜ij , (4.11)
W a˜b˜ ≡ ihI[a˜K b˜]I +
i
√
6
4
hIK a˜;b˜I , (4.12)
MAia˜ ≡ fAiXKXI hIa˜, (4.13)
MAB ≡ i
√
6
2
f iAXfBiYK
[Y ;X]
I h
I . (4.14)
This mass term is of first order in the gauge coupling constants and has coefficients fixed
by variations of the kinetic terms.
Finally, the potential is (LPot = −V eˆ):
V = 2g2W a˜W a˜ − g2R
[
2PijP
ij − P a˜ijP a˜ ij
]
+ 2g2NiAN iA. (4.15)
As an outcome of this complete analysis, one can remark many similarities with the
analogous four–dimensional matter coupled theory [34]. However, a first difference is
the existence of tensor multiplets satisfying a first order equation of motion, and of a
corresponding new term in the scalar potential. The second lies in the presence of the
Chern–Simons term, that as well known is a peculiar feature of odd-dimensional space–
times. Moreover, the geometry described by the scalars of vector multiplets is now “very
special” rather than special Ka¨hler, and thus the U(1) Ka¨hler connection does not exist
and all the 4D structures deriving from its gauging are missing. Finally, as already
remarked, the Yang–Mills gauging in D = 5 does not give rise to any contribution to the
scalar potential unless some of the ungauged vectors are dualised into tensor multiplets.
5 Some comments on the scalar potential
We have found that the bosonic sector of 5D, N = 2 supergravity is described by the
Lagrangean:
eˆ−1LN=2bosonic = −
1
2
R− 1
4
aI˜ J˜HI˜µνHJ˜µν −
1
2
gXYDµqXDµqY +
− 1
2
gx˜y˜Dµφx˜Dµφy˜ + eˆ
−1
6
√
6
CIJKǫ
µνρστF IµνF
J
ρσA
K
τ + (5.1)
+
eˆ−1
4g
ǫµνρστΩMNB
M
µνDρBNστ − V(φ, q),
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where
V = 2g2W a˜W a˜ − g2R
[
2PijP
ij − P a˜ijP a˜ ij
]
+ 2g2NiAN iA. (5.2)
The bosonic part of the supersymmetry transformation rules is given by
δεψµi = Dµ(ω̂)εi + i
4
√
6
hI˜ (γµνρεi − 4gµνγρεi) Ĥνρ I˜ +
i√
6
gR γµε
jPij, (5.3)
δελ
a˜
i = −
i
2
f a˜x˜γ
µεi D̂µφx˜ + 1
4
ha˜
I˜
γµνεi ĤI˜µν + gRεjP a˜ij + gW a˜εi, (5.4)
δεζ
A = − i
2
fAiXγ
µεiD̂µqX + gεiNAi , (5.5)
where
Pij ≡ hIPI ij, (5.6)
P a˜ij ≡ ha˜IPI ij , (5.7)
W a˜ ≡ −
√
6
8
ΩMNha˜MhN =
√
6
4
hIK x˜I f
a˜
x˜ , (5.8)
N iA ≡
√
6
4
hIKXI f
Ai
X . (5.9)
As expected, one sees that the scalar potential of the gauged supergravity theory
is constructed out of the squares of the fermion shifts that arise in the supersymmetry
transformations due to the gauging.
The four terms in the potential (5.2) have different origins. Those of order g2R come
from the R–symmetry gauging, whereas those of order g2 come from the gauging of the
Yang–Mills group K. In detail, the YM ones are given by the squares of the g order shifts
in the supersymmetry transformation laws of the λa˜i and ζ
A fields, while the R–symmetry
ones are given by the square of the order gR shifts in the ψ
i and λa˜i supersymmetry
variations. As in the four–dimensional case [34], this can be related to the existence of
a “Ward identity” for the scalar potential [35], but here we don’t need to use the (3.15)
condition on the prepotential to ensure it, due to the reality properties of the very special
manifold S parametrised by the hI coordinates.
In presence of hypermultiplets, one generically has in the fermionic shifts the SU(2)R–
valued quantities Pij(φ, q) and P
a˜
ij(φ, q) of (5.6) and (5.7) containing the prepotential
PIij ≡ iP rI (q)(σr)ij r = 1, 2, 3 , (5.10)
where (σr)i
j are the usual Pauli matrices, in place of the P0δij and P
a˜δij of [6, 10, 11].
For our metric signature, this potential allows for the existence of Anti de Sitter
vacua if V(q∗, φ∗) < 0 for V ′(q∗, φ∗) = 0. Thus it is straightforward to see that the only
contribution which can allow for such solutions is the 2PijP
ij term, coming from the R–
symmetry gauging of the gravitinos. This implies that a simple Yang–Mills gauging, even
in presence of both tensor and hypermultiplets, does not allow Anti de Sitter solutions.
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Since (5.2) is the most general potential of 5D, N = 2 gauged supergravity coupled
to all matter, all the previously studied examples must be found as peculiar subcases.
We first analyze the choice nH = 0. Since in this case the Q–manifold disappears, we
are forced to put KXI = 0, and the Yang–Mills sector is reduced to theW
2 part due to the
tensor multiplets. Moreover, the absence of the quaternionic fields qX implies that the
prepotentials are set to zero, or at most are SU(2)–valued constants. Their most general
form is now given by
PI i
j = iξrI (σr)i
j , (5.11)
where ξrI are three real constants generically
7 breaking SU(2)→ U(1).
The (3.15) condition becomes
g fKIJ ξ
r
K = gR ǫ
rst ξsI ξ
t
J . (5.12)
If one makes the choice ξI = (0, VI , 0), the condition (5.12) reduces to
fKIJVK = 0, (5.13)
which is the supersymmetry requirement of [10]. In particular, all the results therein can
be recovered by substituting
PI ij = VIδij (5.14)
in the action and supersymmetry laws. The above mechanism is the local analogue of the
Fayet–Iliopoulos phenomenon occurring also in four dimensions [34].
The nT = 0 case is trivial, as it simply removes the g
2W 2 term. This leaves us with
the potential presented in [9], where the gauge group was chosen as K = U(1)nV +1 and
gR = g.
More interesting is to take nV = 0. This implies that there is only one vector: the
graviphoton. The potential is still non–vanishing, and becomes
V = 3
4
g2KXKX − 2g2RPijP ij, (5.15)
which in principle could admit Anti de Sitter vacua.
The nV = nT = nH = 0 case gives back the pure gauged supergravity of [4], with the
potential
V = −4V 2, (5.16)
for the choice Pij = V δij (ξ = (0, V, 0)). This is, of course, the Anti de Sitter five–
dimensional supergravity.
It is now relevant to consider the possible existence of smooth Randall–Sundrum
domain–wall solutions of type RS2 providing an “alternative to compactification”. An
7 In some special cases [43], one can still preserve the full SUR(2) gauging by the choice ξ
r
I
= δr
I
and
thus identifying by (5.12) the SUR(2) structure constants with those of a SU(2) ⊂ K: gf rst = gRǫrst.
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easy way to do it is to determine the vacua obtained from the full potential (5.2) and
check whether they are of the same nature as those already studied in [6, 27, 11].
It has been shown [27] that in absence of tensor multiplets there are no RS2 solutions at
all, while if tensor multiplets are added one still excludes the presence of supersymmetric
solutions but leaves open the possibility of having non–BPS ones.
Although we have not yet performed a complete analysis of (5.2), we can already make
some comments on the supersymmetric vacua and BPS solutions of the full theory.
As for the theory without hypermultiplets [27, 11], the cosmological constant of an
N = 2 supersymmetric vacuum is only given by
V(φ∗, q∗) = g2R PijP ij(φ∗, q∗). (5.17)
Using the orthogonality property
W a˜P a˜ij = 0,
one can easily show that the requirement 〈 δελ 〉 = 〈 δεζ 〉 = 0 implies that an N = 2
supersymmetric ground state must satisfy
〈W a˜ 〉 = 〈P a˜ij 〉 = 〈NiA 〉 = 0. (5.18)
Therefore, the only non–trivial effect of the W a˜ and NiA terms can be a change in the
shape of the critical point.
The above result can also be obtained by a different argument8. The integrability
condition on the gravitino supersymmetry rule (5.3) imposes that the vacuum expectation
value is given by (5.17). Thus, in order to have non vanishing 〈W a˜ 〉, 〈P a˜ij 〉 and 〈NiA 〉
they must compensate each other in the potential. However, being all positive squares,
they can never cancel unless they vanish. This means that the N = 2 supersymmetric
critical points of the full N = 2, D = 5 gauged supergravity theory have the same nature
as those of the reduced theory analyzed in [27].
There remains to examine the possibility of having lower supersymmetric BPS solu-
tions.
To do this, one tries to relax the conditions (5.18) near the critical point, where
scalars are not fixed anymore. It has been verified that in absence of tensor and hyper–
multiplets the derivative of scalars in the radial direction y can be chosen proportional to
the derivative of the superpotential, leading to solutions that preserve half supersymmetry.
When tensor multiplets are added, it turns out [27] that relaxing the condition W a˜ = 0,
forbids any supersymmetric solution.
We now show along the lines of [27] that the same phenomenon occurs also in the most
general case where hyper–multiplets are added and the full SU(2)R group is gauged.
8We are indebted to R. Kallosh for explaining this argument and for important discussions on the
results below.
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We choose the y dependence of all fields appearing in the gluino susy rule (5.4) as
∂yφ
a˜(y) ∼W a˜(φ) ∼ P a˜ij(φ, q).
For BPS solutions to exist, one has to find some Killing spinors which, in addition to the
usual constraint coming from the gravitino susy rule (5.3)
iγyεi ∼ gRPijεj, (5.19)
also satisfy
δελ
a˜
i = Aa˜ijεj = 0 (5.20)
where the operator matrixAa˜ can be read off from (5.4). This amounts to finding a Killing
spinor eigenvector of Aa˜ with zero eigenvalue, i.e. the matrix Aa˜ must be degenerate. It
can be seen that even if with the full R–symmetry gauging the Pij and P
a˜
ij are SUR(2)–
valued matrices, this condition still has no solutions. Indeed, upon substituting (5.19)
into the gluino transformation rule (5.4), and requiring that all bosonic functions of the
scalars have the same y behaviour, the Aa˜ operator reduces to the form
Aa˜ij ∼ iQra˜(σr)ij +W a˜δji , (5.21)
where Qra˜ indicates some real combination of the various y–dependent quantities
Qra˜(y) ∼ ∂yφa˜P r + P ra˜, (5.22)
and the obvious notation Pij ≡ iP r(σr)ij, P a˜ij ≡ iP ra˜(σr)ij . Requiring detAa˜ = 0 (or
equivalently for a projector A2 = A), imposes for each a˜
(W a˜)2 + (Qa˜)2 = 0, (5.23)
which has no solutions except for W a˜ = 0 = Qa˜ and this takes us back to the cases of
[27].
This seems to rule out the presence of BPS solutions, at least when hI˜HI˜ = ha˜I˜HI˜ = 0.
The only open possibilities appear to be either BPS solutions with non–trivial electric
or magnetic fields HI˜ , or non–BPS solutions. It must be noted, however, that also the
examples considered up to now with HI˜ 6= 0 do not seem to admit solutions of the RS2
type [41], i.e. with a metric of the form
ds2 = a(y) dx2 + dy2,
approaching asymptotically AdS5.
We leave the investigation of all these more general cases to future work.
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6 The low–energy theory for the AdS5×T 11 compact-
ification
We collect here, as a further application of the matter coupled 5D gauged supergravity,
some comments about the structure of the theory corresponding to the type IIB compact-
ification on AdS5×T 11 [17]. This study could reveal very useful for further analyzing the
AdS/CFT correspondence in such non–trivial case.
One is interested in the construction of the low–energy theory in order to study the
deformations and RG fluxes of the dual field theory. Once a specific scalar manifold M
is chosen, one can study the stationary points of the potential and look for solutions
interpolating between them. This should correspond to a flux in the CFT side.
As pointed out by S. Ferrara, a very interesting deformation of the four–dimensional
conformal field theory [16] is given by the operator
Tr (AiBjAkBl) (σ
r)ik(σs)jlδrs, (6.1)
which has conformal dimension ∆ = 3 and therefore corresponds to a marginal deforma-
tion preserving supersymmetry.
The generic superpotential now is given by
W =
[
λ ǫijǫkl + µ (σr)ik(σr)
jl
]
Tr (AiBjAkBl) , (6.2)
where λ and µ are two coupling constants and the isometry group has now been broken
from SU(2)× SU(2) to the diagonal SU(2).
From the supergravity point of view, this implies that there should exist another
N = 2 vacuum of five–dimensional supergravity with this symmetry group. Lifting this
solution to ten dimensions should give a metric which is the warped product of AdS5 and
a deformation of T 11 with isometry reduced to SU(2)diag.
An important point is that the T 11 compactification does not seem to be a solution of
the N = 8 theory [42]. If such solution would exist, we should find a stable vacuum with
G = SU(2)× SU(2) isometry preserving N = 2 supersymmetry. There are two possible
embeddings of G in the N = 8 gauge group SO(6) ≃ SU(4), leading to two families of
vacua:
i) 6→ (2, 2) + (1, 1) + (1, 1),
ii) 6→ (3, 1) + (1, 3).
The first family can be obtained by turning on simultaneously the two scalars λ and
µ, which break SO(6)→ SO(4)×SO(2) and SO(6)→ SO(5). According to the analysis
of [42], this gives a supersymmetry operator of the form
Wab = −1
4
(
4eλ+µ + eµ−λ + e−λ−µ
)
δab, (6.3)
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in the gravitinos supersymmetry transformations, which cannot preserve N = 2. In fact,
in order to preserve N supersymmetries, the operatorWab must have, at the critical point,
N eigenvalues of the form
±
√
− 3
g2
V|∗. (6.4)
To obtain vacua of the type (ii), we must study the potential given by the three scalars
respecting this invariance [42]. We find that the potential becomes in this case
V = −3
8
g2
[
3f 2(λ)(α2 + β2) sinh2 λ+ 3 cosh2(2λ)− cosh(4λ)
]
, (6.5)
where λ, α, β are the three scalars and f(λ) ≡ eλ−e−2λ
3λ
. At the extremum one finds the
potential V = −3
4
g2 and the supersymmetry operator Wab = −32δab. Using (6.4) one finds
that eight supersymmetries are preserved, and one retrieves the highest symmetric S5
solution.
In conclusion, the aforementioned flux from the T 11 to a solution with residual SU(2)diag
symmetry can only be studied within the N = 2, D = 5 gauged theory corresponding to
the T 11 low–energy model.
To build this model, we need all the predictive power of the AdS/CFT correspondence
and the spectrum analysis performed in [17]. As for the maximally symmetric cases of
type IIB on AdS5 × S5 or M–theory on AdS4/7 × S7/4, we expect that the low–energy
gauged supergravity states correspond to the theory given by fields which are the products
of two singletons. This means that their masses are less than or at most equal to zero.
Using the [17] results and notations, the theory should be described by the mass-
less graviton multiplet, corresponding to the stress–energy tensor WαW¯α˙ + . . . from
the boundary point of view, the seven massless vector multiplets corresponding to the
SUA(2) × SUB(2) × UBetti(1) conserved currents AiA¯j, BiB¯j and Tr(AiA¯i + BiB¯i), and
six hypermultiplets corresponding to the Tr(AB) and W 2 operators.
There are no tensor multiplets, since they should be described by the product of at
least three singleton states Tr[Wα(AB)].
Although this is not enough to uniquely fix the scalar manifold M = S ⊗ Q, we can
still extract some useful information. For example, the Q manifold must contain at least
the G = SU(2) × SU(2) isometries and two zero–modes: i.e. two of its scalars must be
massless, since they have to correspond to the moduli of the conformal field theory. The
correct manifold must anyhow fall in the classification of [32].
We can say something more on the S manifold of the vector multiplet scalars. As
already claimed in [17], the AdS/CFT foresees the value of the Chern–Simons couplings
CI˜J˜K˜ through the computation of the anomalies in the boundary theory. The result is
that the polynomial (3.3) describing the S target manifold is given by
α ξ3r + β ξr(ξ
2
A + ξ
2
B) + γ ξrξ
2
b + δ ξb(ξ
2
A − ξ2B) = 1, (6.6)
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where α, β, γ and δ are constants and ξr, ξb, ξA and ξB denote the ambient coordinates
corresponding to the R–symmetry, Betti and SUA(2)× SUB(2) symmetries.
It is known that there always exists a point cI where the metric becomes flat (δIJ)
and the cubic polynomial takes the standard form. In our case this happens for cr = 1
and cA = cB = cb = 0 and fixes
α = 1, β = γ = −1
2
, (6.7)
whereas δ is still free.
At this point one can go farther and see whether this manifold corresponds to one
of the homogeneous spaces classified in [32]. Unfortunately, it is easy to prove that the
given polynomial cannot correspond to a homogeneous space, as there is no SO(7) rotation
reducing the δ piece of (6.6) to the form of one of the three families classified in [32].
Anyway, this does not spoil our hope to study the minima of the potential for such
a model in the future, since the cubic surface is specified by (6.6) and (6.7) up to the δ
coefficient, which can be computed explicitly evaluating the three–point functions of the
corresponding anomalies.
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Appendix A: Notations and conventions
The five–dimensional superspace is spanned by the supercoordinates Zµ = (xµ, θmi),
where xµ(µ = 0, . . . , 4) are the ordinary space–time coordinates and θmi(m = 1, . . . , 4) are
symplectic–Majorana spinors carrying the USp(2) doublet index i = 1, 2 which is raised
and lowered with the invariant USp(2) tensor ǫ12 = ǫ
12 = 1 as follows:
ϑmi = ǫijϑmj , ϑ
m
i = ϑ
mjǫji. (A.1)
The flat superspace indices are a = (aα). The vector ones are raised and lowered with
the flat metric ηab = {−++++}.
The symplectic–Majorana condition on a generic spinor λαi reads
λ
i ≡ λ†iγ0 = tλiC, (A.2)
where λ is the usual Dirac conjugate and C is the charge conjugation matrix satisfying
tC = −C = C−1.
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The five–dimensional (γa)α
β matrices satisfy the Dirac algebra
{γa, γb} = 2 ηab.
The spinorial indices can be naturally raised and lowered through the use of the charge
conjugation matrix Cαβ ,
tC = −C = C−1.
To have matrices with fixed symmetry properties we define
(Γ[n])α
β ≡ (γ[n])αβ , (Γ[n])αβ ≡ Cαρ(γ[n])ρ
σ
Cσβ,
(Γ[n])αβ ≡ (γ[n])ασCσβ , and (Γ[n])αβ ≡ Cασ(γ[n])σβ,
(A.3)
where γ[n] means the antisymmetrized product of n γ matrices with weight one: γ[n] =
γ[a1 . . . γan]. Thus
tΓa = −Γa, tΓab = Γab and tΓabc = Γabc. (A.4)
We define the tangent space components of a generic p–form Φp according to [36]
Φp =
1
p!
ea1 . . . eapΦap...a1,
where the wedge product between forms is understood.
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